(MEF5O, MEF7S), and diffusion capacity significantly decreased with increasing HRCT categories. Subjects with simple silicosis detected by HRCT had a lower FEV1 than subjects without silicosis, whereas subjects with conglomerated silicosis showed higher residual volume and functional residual capacity than subjects with simple silicosis. These relations were not affected by smoking or symptoms of chronic bronchitis. Different grades of emphysema detected by HRCT were significantly different in diffusion capacity. Only the HRCTs of the lowest and the highest categories of profusion of parenchymal opacities were significantly different in their distribution of density classes. Conclusion-HRCT is more reproducible and accurate than CR, as suggested by the higher agreement between readers and the better correlation with pulmonary function tests, irrespective of smoking and chronic bronchitis; however, these data do not support the hypothesis that HRCT is more sensitive than CR in the early detection of silicosis.
(Occup Environ Med 1995;52:262-267) Keywords: silicosis; tomography chest radiography; computed Radiographic assessment is paramount in the diagnosis of silicosis,' particularly the standardised chest x ray film classification. 2 The reproducibility and the sensitivity of chest radiography (CR) to diagnose early silicosis is not very high34 and some alternative methods have been evaluated. Functional measurements have been shown to be of little use in the diagnosis of silicosis, because they can be normal even in the presence of high profusion of small opacities, and they have been used more frequently to assess the severity of functional impairment due to the associated chronic obstructive pulmonary disease (COPD).56 Markers of activity of the interstitial disorder (like broncho-alveolar lavage or gallium-67 scan) have been shown to be abnormal in the early stages of silicosis,7 8 but their usefulness in the diagnosis of early silicosis in individual people has not been shown.
Since 1983, several reports have shown that computed tomography (CT) and high resolution computed tomography (HRCT, thin collimation slices performed with a small field of view and targeted by means of high spatial frequency algorithm) were very informative in detecting silicotic parenchymal abnormalities and in quantifying their extent and severity,910 as they have been in other diffuse interstitial lung diseases." 13 Several studies have been carried out to compare the CT findings with the conventional radiographic patterns. Many authors showed that CT does image the parenchimal disease more clearly and identifies significantly more coalescence or large opacities than plain film.9 1014 On the contrary, other authors reported the relative insensitivity of lung CT in detection of mild silicosis.'5 16 Lung CT was useful in the evaluation of changes in emphysema that could explain the functional abnormalities found in silicosis. [16] [17] [18] The aim of this study was to compare CR and HRCT in a group of subjects exposed to silica dust and with silicosis of different severity; furthermore, the relation between the radiological assessment and pulmonary function tests was evaluated, taking into account the simultaneous presence of the associated COPD.
Subjects and methods

SUBJECTS
We studied 27 subjects (26 men, one woman; eight smokers, six non-smokers, 13 exsmokers) with mean (SD) age of 57 (8 8 based on estimation of the percentage of the overall area that showed emphysematous or nodular changes: grade 1 = involvement of lung parenchyma < 25%; grade 2 = involvement of 25%-50% of the parenchyma; grade 3 = involvement of 50%-75% of the parenchyma; grade 4 = involvement of lung parenchyma > 75%. Discordant results between the two readers were resolved as for CR.
Density measurements of lung parenchyma were performed in 20 patients. Densities by HRCT were expressed in HUs (Hounsfield Units). A mean value of density was computed separately for a right and left section of the lung parenchyma, taken in the top (at the aortic knob level) and in the middle (at the level of the right middle lobar bronchus) of the field. The distribution of different density classes at the above mentioned levels, were visualised by means of histograms. There was a mild concordance between CR and HRCT categories of parenchymal opacities. Only 10 out of 27 subjects were 3 4 classified in the same category for CR and HRCT (fig 1) , and the largest discrepancy was found in the categories 0 and 1. 1033 (404) (categories 1 and 2) and subjects with con-97 5 glomerated silicosis (categories 3 and 4)
84 73-8 (24 9) showed lower FEV1 and expiratory flows 40 (2°5) compared with subjects without silicosis 92.5 (category 0), but subjects with conglomerated silicosis had higher values of RV and FRC than subjects with simple silicosis (fig 2) . Evaluation of cigarette smoking in these subjects identified a significant relation with impairment of FRC and total lung capacity, -es) and but not with other spirometric indices.
Stoles
Multiple logistic regression analyses between pulmonary function tests and HRCT cate-+ 3 + 4 gories showed that the relation was not 7 explained by smoking or symptoms of chronic 39-6 (12) bronchitis. 9 7) (percentage of the predicted value) in subjects )9 (41) with the highest grades of emphysema (113 )9 (39-5) )5 (21) (28-8)% in grade 0, 103-3 (39 9)% in grade 1, 7898 (40)* and 63-9 (24-1)% in grade 2, P < 0-05).
59.3 (27)-t 59 6 (2) (3) (4) (5) (6) (7) (8) There was also a significant correlation )22 between the grades of emphysema and the HRCT categories of profusion (r = 0-75, P < 0O001) or of extent (r = 0A43, P < 0-05) of parenchymal opacities; in fact, subjects with the higher categories of nodule profusion by HRCT also had higher grades of extent of emphysema.
In 20 patients histograms of lung density were obtained from two slices of the HRCT scans, and their mean values were compared between the different HRCT categories. There was a significant difference in the distribution of classes of lung density between category 1, and categories 3 + 4 (X2 = 6, P < 005, fig 3) .
Discussion
In recent publications there is some disagreement on the concordance between CR and CT in the evaluation of the profusion of lung parenchymal opacities in silicosis, especially in the initial stages.' 48 This discrepancy can be partially explained by the lack of a "gold standard" for the diagnosis of silicosis, to some methodological problems related to the technique of analysis, and to interpretation by the readers. A true gold standard for interpretation of x ray films should be the morphology of the lung parenchyma obtained by necropsy 
interstitial lung diseases and only occasional cases of silicosis are reported24; furthermore, the relation between CT and morphology was only qualitative, and no comparison was attempted between the profusion of small opacities detected by HRCT and a morphological score of interstitial involvement. Other authors used the mineral content of bronchoalveolar lavage cells as a surrogate of the total lung burden of dust25; unfortunately, the technique of this analysis is not completely standardised, and a clear cut off point between normal and exposed subjects has not been reported. This technique, however, could identify the severity of the exposure to dust, but not the degree of the reaction of the lung parenchyma to silica dust.
Our data confirm the poor concordance between CR and HRCT in the early stages of the disease. In the absence of a gold standard for the diagnosis of silicosis, it is difficult to decide which technique is more accurate to detect early parenchymal involvement in silicosis. The better concordance between the readers for HRCT than for CR, similar to that reported'4 despite the absence of ILO type films for the CT images, and the presence of a significant correlation between HRCT categories and pulmonary function tests seem to indicate a better accuracy for HRCT than for CR.
The presence of a significant relation between the profusion of the parenchymal opacities evaluated by HRCT, and the pulmonary function tests has not been extensively reported in previous studies. Begin and coworkers showed that lung volumes, diffusion capacity, and expiratory flow rates were significantly reduced in the presence of complicated silicosis (coalescence or conglomeration of nodules on chest x ray films or CT), but that there was a significant correlation between expiratory flow rates and profusion categories in subjects with simple silicosis. The extent of emphysema as detected by HRCT was in general mild in our subjects (all of them had a category < 2); nevertheless, a significant difference in diffusion capacity was found between the different categories of the extent of emphysema, which confirmed previous results. '6 18 Recent data have confirmed a significant correlation between diffusion capacity and emphysema detected by CT in subjects with mild to moderate COPD.28 A significant correlation was found in our subjects between the severity of emphysema and the severity of nodular parenchymal opacities, which suggests that emphysema could be related to the silicosis and not only to associated smoking or chronic bronchitis. With the present data we cannot definitively assess the relative importance of silica exposure and smoking in the development of emphysema; more extensive evaluation on a larger number of subjects could allow a separate analysis of these features.
Finally, the study of the distribution of the classes of different density of the lung parenchyma detected by HRCT showed significant distinctions only between the extreme categories of HRCT. In asbestosis other authors showed a very high sensitivity of this technique of objective assessment of HRCT to select subjects with early asbestosis from normal subjects. 29 The lower sensitivity of this technique in our experience could be explained by the simultaneous presence of emphysema and nodular parenchymal opacities in the different categories of HRCT, with conflicting influences on the distribution of the lung density classes. Although the weak significant difference among the different HRCT categories supports the validity of our HRCT classification, this technique seems not to have relevant usefulness in the clinical evaluation of silicosis.
In conclusion, our study suggests that HRCT is more reproducible and accurate than CR in the assessment of the severity of pulmonary involvement in silicosis, and in the selection of subjects with different pulmonary functional impairment, although there is no evidence that the sensitivity of HRCT is better than CR in the early detection of silicosis.
